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Presentation of the Porewater Pressure Buildup Using Moroto's and 
State Parameter 
Predrag Kvasnicka, Tomislav lvsic 
Faculty of Civil Engineering, University of Zagreb, Zagreb 
Yugoslavia 
SYNOPSIS: In this paper it is attempted to generate the rise of porewater pressures in undrained 
strain controlled cyclic triaxial tests for various densities (void ratios), confining pressures and 
strain amplitudes. The results of cyclic triaxial tests on one type of standard Yugoslav sand are 
presented. Introducing the Moroto's parameter based on cumulative shear work normalized with 
confining pressure (Moroto, 1976) and a state parameter defined as a distance between initial void 
ratio and the steady state line (Been and Jefferies, 1985) the band of the results is narrowed and a 
single curve for representing the porewater pressure buildup is established. 
Since the state parameter, opposite of the relative density, is easily measured both in the 
laboratory and in the field and since Moroto's parameter has evident physical meaning, it is hoped, 
that this type of laboratory test presentation provide an efficient way of processing and 
interpreting thP- test results for various material types. 
INTRODUCTION 
The generation of porewater pressures in 
saturated sand deposits during earthquakes is a 
crucial element in describing the phenomenon of 
soil liquefaction. Laboratory test results 
showed that the development of porewater 
pressures depends on various factors including: 
(1) material parameters (e.g. gradation, 
mineralogical features, structural fabric), (2) 
initial state (e.g. stress state, void ratio), 
(3) cumulative factors (previous cyclic stress 
or strain history, number of cycles or duration 
and intensity of irregular load history), ( 4) 
test type (stress or strain controlled tests, 
triaxial or simple shear etc.), (5) type of 
loading (static, cyclic, irregular). 
In order to isolate the influence of various 
factors and to reduce the scatter of the 
results, attempts are made to present the 
results in a more general way. The 
generalisations based on measurable parameters, 
or having a fundamental physical meaning can be 
used for distinguishing the real differences in 
the undrained behaviour of sand coming from 
natural heterogeneity and based on the same 
(assumed or proved) physical mechanism. 
Porewater pressure buildup usually assumes the 
rise of residual pore pressure with some 
cumulative parameter. This cumulative parameter 
may be the number of loading cycles (Seed et 
al., 1976, and Martin et al., 1978), damage 
parameter-cumulative shear deformation (Finn & 
Bhatia, 1981), shear work (Towhata & Ishihara, 
1985) or normalised shear work (Moroto, 1986). 
In our opinion normalised shear work may be 
considered as a good cumulative parameter 
because it is probably stress-path independent 
(Moroto, 1976), it has obvious physical meaning 
and has general application as, for example, 
relative deformation or relative density. 
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Moroto' s parameter 
defined as follows 
2 r 
Sm (m stands for Moroto) 
(for triaxial tests): 
Sm 
3 




where - n 
p 
(q deviatoric stress, 
Ot I +20'3 ' 
p volumetric stress) 
3 
I' - shear deformation. 
is 
Pore pressure buildup curves as functions of 
Moroto' s parameter are unique for initial 
effective stresses (stress path independence) 
and stress or strain amplitude of cyclic 
loading, but differ due to initial rela~ive 
density (Moroto, 1986). 
In this paper an attempt is made to find a 
single pore pressure buildup curve even for 
different relative densities. It must be said 
that relative density is not a suitable "density 
parameter" because it depends on test standards 
for laboratory determination of minimum and 
maximum density. The way of determining in situ 
relative density implies dubious correlation 
with standard and/or cone penetration testing 
results. 
In derivation of the new porewater buildup curve 
instead of relative density, state parameter is 
applied. State parameter ( 'ljJ ) is defined as a 
difference between initial void ratio of a 
sample (eo) and that at a steady state line 
(es 5) for the same mean effective stress, 
( Ot '+o2 '+o, ' ) /3, e.g. : 
'ljJ = eo - e5 5 (2) 
Been & Jefferies, (1985) 
The kernel concept of the state parameter is 
that the steady state defines a reference state 
and that the distance of a sand from this 
reference state in void ratio-stress space 
characterizes the sand state. The state 
parameter is relatively easily measured in 
laboratory, and there is evidence that it can be 
determined, by cone penetration testing, in 
situ, if the effective stress state (i.e. Ko) is 
known (Been et al., 1986). 
To determine the new porewater pressure buildup 
curve the results of strain-controlled cyclic 
triaxial tests on one type of standard Yugoslav 
sand (IMS-sand) were used. The results were 
compared with some published test results on 
Monterey nr. 0 and Toyoura sand. 
IMS SAND 
IMS is quartzitic sand, manufactured in Belgrade 
(it is dredged from the Danube river) for test 
on concrete specimens. Index properties of IMS 
sand are presented in table 1: 









TABLE 1. Index properties of IMS sand 
Median grain size Do o : mm 0.27 
Percentage passing 200 sieve 0 
Uniformity coefficient D6o/Dto 2.58 
Maximum void ratio, emax 0.88 
Minimum void ratio, emtn 0.56 
Steady state parameter, es5 0.835 
Slope of steady state line, ~5, 0. 0313 
NEW POREWATER PRESSURE BUILDUP CURVE 
Results of 30 undrained strain-controlled 
triaxial tests were published by Grubic (1988). 
Five of them, with the state parameter 
from -0.13 to 0.052 were chosen for this 
study. Test results are presented at Fig.1., 
where ru= Au/p, ~u-porewater pressure buildup. 
As it was expected for Sm at abscissa there is 
one curve for each relative density (Dr) 
There is obvious difference between the pore 
pressure in loading and unloading. In the 
following text only unloading part which refers 
to residual pore pressure will be considered. 
·J ll load ng on::J 'Jn!oo::Jing 
e Dr 0'3c)P<J) 1/1 
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Fig. 1 Test results of five undrained strain controlled cyclic triaxial tests on IMS sand 
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The mathematic equation of any reloading curve 
















Equation (3) may be easily transformed in shape 
suitable for linear regression. For data on fig. 
1. we obtained a=O. 00611, and b=-14. 75. A new 
variable Sp may be defined: 
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Fig. 2 New porewater pressure buildup 
curve, IMS sand 
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All data from fig 1. are 
coordinate (ru, Sp) system 





in a new 
2. It is 
obtained. 
To check this conclusion with some other test 
results, data on Monterey Nr 0 sand (Dobry et 
al., 1982) and Toyoura sand (Moroto, 1986) were 
chosen. In the lack of appropriate test data for 
Monterey nr. 0, Sm data were calculated using 
some suppositions Masing rule and constant 
'1/max in every cycle. Sm-ru curves are presented 
at figures 3 and 4., and Sp -ru curve at figure 
5. Although for this two sands ru ~ Sp is not a 
single curve, the results seam promising for 
further research. 
CONCLUSIONS 
The new porewa ter-pressure buildup curve based 
on Moroto's and steady state parameter is 
presented. Since the parameters have fundamental 
physical meaning, it is hoped that this type of 
laboratory test presentation, provide an 
efficient way of cyclic triaxial test 
presentation. 
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Fig. 3 Test results of three undrained cyclic 
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Fig. 4 Test: results of three undrained 
controlled cyclic triaxial 
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Fig. 5 New porewater pressure buildup curve, 
Toyoura (a=0.00022, b=-1.4.47) and Mon-
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